The discovery of antibiotics was paralleled by the evolution of antibiotic resistance which is probably the best example of contemporary evolution in action. The selection pressure, imposed by indiscriminate use of antibiotics, has changed the scale, mode and tempo of antibiotic resistance evolution. The presence of multidrug resistance, wide range of adaptability features and the infectivity make antibiotic resistance of Shiga toxin-producing Escherichia coli (STEC) more dangerous. The characterization, prevalence and the virulence factors of STEC have been profusely reported, whereas, the antibiotic resistance has been largely ignored because the antibiotic use in STEC infections is controversial. Thus, the current review has focussed on the source, evolution, persistence, mechanism, dissemination and control of antibiotic resistance viza-viz the STEC infections. The resistance development occurs by the inactivation of antibiotics, regulating the membrane permeability, modification of natural antibiotic targets or the use of efflux pumps against antibiotics. And, the dissemination of resistance genes occurs vertically by DNA replication and horizontally by conjugation, transduction and transformation. The prevention of development and dissemination of antibiotic resistance needs international public health bodies to rationalize the antibiotic use, prevent the flux of antibiotics into the environment, develop the rapid diagnostics tests, undertake proper surveillance of antibiotic resistance, promote the research on antibiotic resistance prevention, promote the research and development of novel alternative antibiotics, and encourage the widespread social awareness campaigns against the inappropriate antibiotic usage.
Introduction
An antibiotic is a metabolic product of certain microorganisms or a synthetically produced related chemical that selectively curtails the growth or survival of other micro-organisms. The discovery of antibiotics has choked the bacterial diseases widespread in the past. However, the rise of antibiotic resistance was reported shortly after the discovery of Penicillin. Antibiotic resistance has reached alarming levels and has emerged as a major threat to individual and population health in the 21st century, and has been discussed rigorously at national and international fora (World Economic Forum 2013; O'Neill 2014) . However, the moot point is, was this antibiotic resistance created by humans? One needs to be clear that neither antibiotics nor antibiotic resistance is of human origin. Antibiotics, discovered by humans, owe their origin to microbes. Most of the clinical antibiotics have been derived from soil bacteria which harbour the resistance elements for self-protection and the genes responsible for resistance have been generally identified on mobile genetic elements (D'Costa et al. 2006) . The presence of resistance genes on the mobile genetic elements, such as plasmids, transposons and integrons, makes them highly suitable for both vertical and horizontal transfer. Thus, the antibiotics and antibiotic resistance can be attributed to same source, i.e. soil bacteria which have both the capacity to make antibiotics and the capacity to live with antibiotics (Landecker 2016) . The evolution of a species to fit the changing environment is a natural process and the evolution of antibiotic resistance is probably the best documented case of contemporary evolution in action (Hiltunen et al. 2017) . However, it would not be justified to completely exonerate human beings in antibiotic resistance case, just because it already existed. It is the selection pressure, imposed by the indiscriminate use of antibiotics, which has changed the scale, mode and tempo of antibiotic resistance and has in turn hastened the evolution of antibiotic resistance. This antibiotic resistance has already rose to dangerously high levels with evolving resistance mechanisms and spreading globally, thus, compromising human capacity to ward off common infectious diseases. This rise of antibiotics resistance has flared up the incidence of bacterial infections which were of no concern earlier.
In this regard, Escherichia coli, a facultative anaerobic commensal bacterium, belonging to Enterobacteriaceae family, is a potential human health hazard. The Shiga toxin-producing E. coli (STEC), a virulent category of E. coli , is commonly recovered from the faeces of food-producing animals and poses threats to health of humans and livestock (Bhat et al. 2008) . The STEC constitutes one of the most important causes of foodborne diseases worldwide (Wani et al. 2007) , particularly the infections that result in life-threatening complications in humans such as haemolytic-uraemic syndrome and haemorrhagic colitis (Paton and Paton 1998) , thrombotic thrombocytopenia purpurea, etc. and oedema disease in pigs. The deplorable aspect of the STEC infections is that E. coli O157:H7 has been reported to remain culturable for days to weeks in cattle faeces, soil and water (Oie et al. 2004) ; and for several weeks to months at temperature as low as À18 to À20°C in meat, fruits, ice cream and yoghurt (de Schrijver et al. 2008; Strawn and Danyluk 2010) . Further, E. coli shows the acid resistance by rpoS, encoding a stationary phase sigma factor, the arginine decarboxylase and the glutamate decarboxylase systems (Casatanie-Cornet et al. 1999) , enabling its survival in acidic foods for extended periods. The estimated infectious dose of STEC O157:H7 to cause an outbreak is as low as 5-10 viable cells (Betts 2000) . This wide range of adaptability features and infectivity makes antibiotic resistance of STEC strains more dangerous. The presence of multidrug-resistant bacteria in the food chain due to the use of antibiotics for therapeutics and as growth promoters in feed for food animals has elicited a global concern of its consequences on human health. There has been a lot of reporting on the characterization, prevalence and virulence factors of STEC, whereas, the antibiotic resistance has been largely ignored because the use of antibiotics in the treatment of STEC infections is controversial. Thus, the current review has focussed on the rise of antibiotic resistance viz-a-viz STEC infections.
Source of STEC infection and antibiotic resistance
The food supply is a potential source of both virulent E. coli and antibiotic-resistant strains. Even a harmless commensal E. coli can acquire resistant genes via mobile genetic elements to become a highly adapted pathogen capable of causing diseases, ranging from gastroenteritis to extra intestinal infections of the urinary tract, bloodstream and central nervous system (Alves et al. 2017) . The flaring up of the global trade and travel has made E. coli a worldwide public health threat (Rubino et al. 2011) . On the other hand, the antibiotic resistance in E. coli strains against the fluoroquinolones and thirdand fourth-generation cephalosporins are acquired predominantly in the community (Laupland et al. 2008 ) via the consumption of contaminated foods and beverages. Although antibiotic therapy is controversial (Paton and Paton 1998; Wong et al. 2000) and generally not recommended for the treatment of STEC infections in humans, the indirect selection for multiresistant strains occurs due to the antibiotic-induced selection pressure on other disease-causing bacteria. Thus, the dissemination of antibiotic resistance in STEC seems to be equally driven by nature, via transfer of mobile-resistant elements from resistant strains to susceptible ones, and by man via use of antibiotics. The resistant bacterial strains emerged out of antibiotic use in animals for disease prevention and growth promotion can be transferred from animals to humans by direct contact, handling and/or consuming contaminated food (Alves et al. 2017) . The tetracycline and penicillin are the most widely used antibiotics among the dairy farmers and the antibiotics that are important in treatment of human infection are fluoroquinolones and cephalosporins. However, the reports worldwide pertaining to broad-spectrum microbial antibiotic resistance indicate the cross-infection between humans and animal (Mainda 2016) . Being a common intestinal inhabitant of humans and animals, E. coli is most frequently exposed to antimicrobial therapeutics and once acquired, E. coli may function as a source of resistance determinants for other intestinal bacterial species. Thus, the use of antibiotics as growth promoters has been outlawed in the European Union since 2006 (Castanon 2007) .
Antibiotic use as a driver of resistance
Indiscriminate antibiotic use is considered a major driver of resistance. The world's largest consumers of antibiotics for human health are India, China and the USA (Van Boeckel et al. 2014) . The authors reported that 76% of the increase in global antibiotic consumption between 2000 and 2010 was from BRICS countries, i.e. Brazil, Russia, India, China and South Africa (Van Boeckel et al. 2014) . Laxminarayan and Heymann (2012) argue that rapid economic growth and rising incomes have scaled up the use of antibiotics in India but was not paralleled by improvements in water, sanitation and public health. Thus, antibiotics continue to be prescribed or sold for diarrhoeal diseases and upper respiratory infections for which they have limited value (Kanungo et al. 2014; Chatterjee et al. 2015) . In agricultural regions, the inappropriate usages of antibiotics for treating either human or plant diseases and for promoting food-animal growth are proposed to contribute to the continued increase in antimicrobial resistance as well as to the emergence of multidrug resistance profiles (Magiorakos et al. 2012; Van Boeckel et al. 2015) . However, one-to-one relationship between the antibiotic resistance and the usage pattern of antibiotics cannot be established, even in developed countries with adequately coherent health care system. This is because there is no systematic record of antibiotic usage in the hospitals. The presence of genotypic resistance in microbes may not be supported by their phenotype because the resistance elements may not express in absence of selection pressure like antibiotic laden medium. Similarly, the resistant phenotype does not imply the antibiotic-induced selection pressure, since the resistance elements may be acquired by transformation, transduction or conjugation in nature.
Evolution of antibiotic resistance of STEC
There have been several unambiguous reports pertaining to the consistent evolution of antibiotic resistance in STEC. In Japan, the first outbreak of STEC O157 infection was reported in 1987 and thereafter a stark increase in the incidence of STEC infections was observed between 2003 and 2007 as compared to the first 15 years of surveillance from 1987 to 2002 (Hiroi et al. 2012) . All the strains of STEC studied, including those with serotype O157:H7, were susceptible to many antibiotics such as ampicillin, cephalothin, tetracycline, kanamycin, trimethoprim, sulfisoxazole and nalidixic acid (Ratnam et al. 1988) , whereas, later on Kim et al. (1994) reported an increased prevalence of resistant O157 strains isolated from the patients in Washington State. Further, the percentage of O157 STEC demonstrating resistance to at least one antimicrobial agent increased from 10% in 1992 to 20% in 1994 (Thomas et al. 1996) . There is profuse documentation of an increased antimicrobial resistance in STEC O157:H7 and non-O157:H7 strains, recovered from domestic animal reservoirs that potentially could impact food and environmental sources (Zhao et al. 2001; Cergole-Novella et al. 2006; Srinivasan et al. 2007; Iweriebor et al. 2015; Amezquita-Lopez et al. 2016; Bai et al. 2016) . There is a report of the emergence of novel antimicrobial resistance in zoonotic E. coli, recovered from domestic animals as well as from food of animal origin, against colistin (polymyxin E) (Schwarz and Johnson 2016) , which is mediated by transfer of mcr-1 and mcr-2 genes on conjugative plasmids and has global presence now (Liu et al. 2016; Xavier et al. 2016) . However, the challenges to veterinary and public health sectors were further increased by the identification of plasmid-mediated colistin resistance in STEC pig isolates, which were already resistant to extended-spectrum b-lactam antibiotics (Bai et al. 2016) . On the similar line is the report of Chatterjee et al. (2015) who see diminishing options for treating multidrug-resistant Acinetobacter baumannii and other resistant infections, and increasing use of colistin with consequent increase in resistance against it. According to DANMAP (2010), the phenotypic resistance was observed for almost each antimicrobial substance tested that was once effective against E. coli. Finally, the rates of resistance are dependent on the isolation source, e.g. humans, pigs, poultry, cattle or wild animals, antimicrobial prescription policy (Mayrhofer et al. 2006) and genetic persistence in the bacterial host (Andersson and Hughes 2011) . Although, the theory that antibiotics play an important role in the progression of the haemolytic uraemic syndrome in humans and therefore the resistances of STEC have little relevance to clinical practice (Wong et al. 2000) , the resistance pattern of an STEC strain can be an epidemiologically useful marker (Stephan and Schumacher 2001) . The screening and characterization of animal STEC helps to identify the origin of human STEC infections (Johura et al. 2016 ) and the monitoring of antibiotic resistance in STEC of symptomatic human origin may provide evidence for the extent of transmission of resistant strains and resistance genes from ruminants to humans (Cheney et al. 2015) .
Persistence of resistance
It is a biological fact that whenever an organism, ranging from a bacterial cell to blue whale, encounters an unusual environment there is repartitioning of resources to meet the new demands of the environment. Under the selective pressure from antibiotics, the cellular resources are diverted from growth and reproduction to resistance development. Argudin et al. (2014) argue that the resistance mechanisms often impair the important bacterial functions. Thus, the antibiotic resistance develops at the cost of fitness of bacteria, which is measured as a comparative growth rate of resistant and sensitive strains (Andersson et al. 2007 ). However, the fitness cost of antibiotic resistance in bacteria is still inconclusive and a matter for debate in microbiology. Antibiotic resistance confers an advantage to the bacterial strains under selective pressure at the cost of fitness like reduced growth, virulence and/or transmission of the organism (Andersson et al. 2007 ). The sensitive bacteria, bearing no cost of resistance, are expected to outnumber the resistant strains by the magnitude equal to the cost imposed by resistance (Melnyk et al. 2015) . For instance, the mutation in gyrA, encoding for DNA gyrase that facilitates the DNA replication, causes resistance to fluoroquinolones and the mutation in the gene encoding transpeptidase, required for cross-linking of the peptidoglycan layer of the bacteria cell wall, causes resistance to penicillin. These mutational changes are likely to cause variable fitness costs for the bacteria (Melnyk et al. 2015) . However, maintaining the resistance systems may be detrimental in the environment devoid of antibiotics and in that case, this undue fitness cost is overcome by having regulatory structures associated with the resistance gene clusters which let them express only in presence of the antimicrobial substance (Bertrand et al. 1983) . For example, the multiple-antibiotic-resistance (Mar) gene, encoding efflux pumps, in the bacteria causes no fitness cost unless expressed and the expression takes place only in the presence of antibiotics (Blair et al. 2014) .
However, the knowledge of persistence of resistance in environment devoid of antibiotic induced selection pressure is inadequate and anecdotal. Some authors reported consistent multiplication of resistant bacteria (Sundqvist et al. 2010) , whereas, others have reported significant decline in population of resistant bacteria (Gottesman et al. 2009 ). However, the elimination of resistant strains do not occur completely (Andersson and Hughes 2011) . The persistence of resistance can be attributed to the fact that some resistance mutations do not invite any fitness cost and therefore remain in the bacterial population even in absence of selection pressure. The fitness of bacteria can also be restored by a second mutation in the genome at a different site which compensates the cost of resistance in bacteria. Further, the genetic linkage of resistance genes with housekeeping genes may lead to persistence of a particular resistance in the bacterial population (Baker-Austin et al. 2006; Wellington et al. 2013) . According to CDDEP (2015) , in India, resistance to fluoroquinolones among invasive Salmonella Typhi isolates increased from 8% in 2008 to 28% in 2014 and the resistance to ampicillin (5%) and cotrimoxazole (4%) has shown decline in 2014, possibly because of their declining consumption. Thus, the report maintains that the withdrawal of antibiotic selection pressure causes the decline of resistance bacterial phenotype. Similarly, because of widespread use of other quinolones, the resistance to nalidixic acid in S. Typhi is increasing (20-30%) (CDDEP 2015).
Mechanism of antibiotic resistance and its dissemination
The selection pressure imposed by the antibiotics, used in clinical as well as agricultural settings, has hastened the evolution and spread of the genes that confer resistance. There are four major mechanisms that have been implicated in antibiotic resistance. The first one is the production of enzymes that inactivate the antibiotics by breaking their molecular structure or by covalent modification of the antibiotics. For instance, the production of b-lactamases by some bacteria like E. coli hydrolyses the b-lactam ring of penicillines, cephalosporins and monobactams (Dantas and Sommer 2014) , and the covalent modification of aminoglycoside antibiotics is catalysed by acetyltransferases. However, this mechanism of blactam hydrolysis is neutralized by the three classical inhibitors viz. clavulanic acid, sulbactam and tazobactam, which are generally formulated together with the antibiotics to extend their spectrum of action (Peirano and Pitout 2010) . The second mechanism of antibiotic resistance that specially operates in Gram-negative bacteria like E. coli is the impermeability of the membrane (Allen et al. 2010) . The mutation in the DNA leads to lower expression of porins in outer membrane with the consequent reduction in cell wall permeability (Dantas and Sommer 2014) . The third mechanism talks about the modification of natural antibiotic targets, without changing the protein functionality, due to DNA mutation in bacteria which no longer allows the antibiotic molecules to bind them properly (Allen et al. 2010; Dantas and Sommer 2014) . For example, the mutations in the gyrase, RNA polymerase subunit B and 30S ribosomal subunit protein S12 encoded by rpsL cause resistance to fluoroquinolones, rifampicin and streptomycin, respectively. The fourth mechanism that can be adopted by bacteria is the use of efflux pumps which involves the active transport of antibiotic molecules into the bacterial periplasm or outside cell. The mechanism is induced by mutations which results in overexpression of the chromosomal or plasmid genes encoding for efflux pumps (Argudin et al. 2014) .
However, Allen et al. (2010) argue that the development of antibiotic resistance is not fully understood yet, since the resistant bacteria have been detected even in absence of antibiotic-induced selection pressure (Bywater 2004 ) which makes antibiotic resistance too complex to comprehend. Further, the genetic correlation between the resistance and virulence genes makes the situation even more worse whereby some pathogenic microbes such as E. coli are rendered untreatable with antibiotics which were effective earlier (Woolhouse et al. 2015) . The dissemination of resistance genes occurs via vertical transfer by DNA replication and horizontal transfer by the natural processes of conjugation, transduction and transformation. A number of studies have reported the phenotypic and genotypic resistance in E. coli supported by sequencing data providing evidence for the exchange of resistance genes between commensals, pathogens and opportunist microbes (Dionisio et al. 2002; D'Costa et al. 2006) . First, conjugation is a multistep DNA transfer process between two bacterial cells directed by the genes either on plasmids or chromosome (Smillie et al. 2010; Wozniak and Waldor 2010) and the antibiotic resistance genes associated with conjugative elements like plasmids or transposons get disseminated through this process. Though, the transformation or transduction can also get these elements disseminated, conjugation is the most important mechanism for the dissemination of antibiotic resistance genes between unrelated bacteria over large taxonomic distances (Shoemaker et al. 2001; Musovic et al. 2006; Roberts and Mullany 2009; Tamminen et al. 2012) . Thus, once the antibiotic resistance gets established in a community it spreads throughout the length and breadth across different bacterial strains, species or even genera. Second, some bacteria uptake the naked extracellular fragments of DNA, integrate them and express them normally along with their own genome. This process is called transformation and can help bacteria acquire antibioticresistant like penicillin and streptomycin resistance in Streptococcus pneumoniae (Hotchkiss 1951) , and streptomycin resistance in Hemophilus influenzae, H. parainfluenzae and H. suis (Alexander and Leidy 1953; Alexander et al. 1956 ). Third, in the process of transduction bacteriophages help the dissemination of resistant genes between bacterial cells (Modi et al. 2013 ) by transferring chromosomal DNA or mobile genetic elements like plasmids, transposons and genomic islands (BrownJaque et al. 2015) . On the other hand, once the resistance genes have developed, they are transferred directly to the progeny bacteria during DNA replication and this is known as vertical gene transfer or vertical evolution. This mode of resistance dissemination strictly follows Darwinian evolution driven by principles of natural selection. The spontaneous mutation in the bacterial chromosome induces antibiotic resistance and under antibiotic-induced selection pressure the wild phenotype gets killed and the resistant mutant grows and flourishes (Martinez and Baquero 2000) .
On the similar lines, the spread of genetic elements like plasmids, transposons and integrons may confer multiple antimicrobial resistances in STEC and non-STEC strains (Zhao et al. 2001) . However, Chen et al. (2005) reported a peculiar observation that several STEC isolates displayed resistance to multiple antimicrobials without carrying any particular resistance conferring gene, which gives an indication of alternative mechanisms in development of STEC resistance phenotypes. Similarly, confirming the presence of resistance conferring genes alone in bacterial cells by various genetic methods does not necessarily imply that bacteria are resistant, as there are chances that resistance genes may not be expressed (Zhao et al. 2001; Chen et al. 2005) . However, STEC can serve as a reservoir for the emergence and dissemination of antimicrobial resistance genes to susceptible commensal and pathogenic bacteria by any of the horizontal gene transfer mechanisms discussed above (Srinivasan et al. 2007 ).
Scenario of antibiotic resistance of STEC in India and outside world
The antibiotic resistance has been described as a global health concern (Laxminarayan et al. 2013 ), but it is very rampant in India (Ganguly et al. 2011) . The rise of antibiotic resistance in India is due to an admix of biological, economic and social factors like poor public health systems and hospital infection, high rates of infectious diseases, inexpensive antibiotics and rising incomes (increased the economic access to antibiotics) which have increased the prevalence of resistant pathogens in the community (Laxminarayan et al. 2016) . According to Rao et al. (2011) , all the STEC and non-STEC isolates were resistant to at least one of the antibiotics tested and 35Á9% of the isolates displayed resistance to more than 50% of the antibiotics tested in the study. Among the genes studied tetA gene, conferring resistance against tetracycline, was predominant in humans (100%), chicken (86%), mutton (80%), Chevon (67%), pork (63%), buffalo meat (62Á5%), RTE meat foods (36%) and water (31%) STEC isolates. The report of CDDEP (2015) has revealed that E. coli resistance to third generation cephalosporins increased from 70 to 83%, fluoroquinolone resistance increased from 78 to 85% and resistance to carbapenems increased from 10 to 13% between 2008 and 2013. Similarly, the New Delhi metallo-b-lactamase enzymes, conferring antibiotic resistance to bacteria, were first reported in 2008 and have global presence now (Nordmann et al. 2011) . It has been reported by Holloway et al. (2009) that in India resistance of E coli to ampicillin, naladixic acid, cotrimoxazole and gentamicin reached as high as 75, 73, 59 and 33%, respectively between 2002 and 2005 . The diarrhoeagenic E. coli is principal cause of morbidity and mortality in developing countries. The 90% of the E. coli isolates recovered from the faeces of infants in India displayed resistance to most of the antibiotics tested (Uma et al. 2009 ). The authors further reported that 64% of the isolates were plasmid carrying and 76% of them were transferable. The conjugation transfer of plasmids has been implicated as a major contributor to a rapid spread of an antibiotic resistance.
However, at global level Srinivasan et al. (2007) , in the University of Tennessee, reported that majority of STEC O157:H7 (79Á8%) and O157:H7 À (91Á7%) isolates carried one or more target resistance gene irrespective of being phenotypically resistant or susceptible. Similarly, a report from dairy farms of Eastern Cape of South Africa has shown high prevalence of multiresistance to various antimicrobial agents in STEC isolates of faecal origin, but imipenem was effective against all the isolates (Iweriebor et al. 2015) . In Canada, Pitout et al. (2005) argue that the extended-spectrum b-lactamase-producing E. coli strains are responsible for the spread of hospital infection and the plasmid genome conferring this resistance also carries genes for resistance to other antibiotics (Livermore and Woodford 2006) . Hopkins et al. (2005) reported that worldwide there has been a considerable increase in the frequency of antibiotic resistance in E. coli against fluoroquinolones like ciprofloxacin, levofloxacin, moxifloxacin, norfloxacin and nalidixic acid. The broiler chicken farms in Slovakia were reported to have resistance rates in E. coli as high as 30% against the ampicillin, tetracycline, streptomycin, ciprofloxacin, enrofloxacin and cotrimoxazol, whereas, lower resistance was observed against gentamicin (6Á5%) and chloramphenicol (3Á2%) (Kmet and Piatnicova 2010) . However, when it comes to comparison between human and animal strains, higher prevalence of resistance in O157 has been reported in bovine strains compared to human (Mora et al. 2011) . But such kind of observations are subjected to various factors like topography, climate, public health system, pattern of antibiotic use, sanitation programmes and disease surveillance system of the concerned region.
Control of antibiotic resistance
The sharp increase in the use of antibiotics in human health and agricultural sector has led to dramatic increase in antimicrobial resistance in pathogenic as well as commensal microbes (Van Boeckel et al. 2015) . However, the use of antibiotics at subtherapeutic levels in poultry, swine and cattle husbandry as growth promoters to enhance feed efficiency (Dibner and Richards 2005) has increased the rate of antibiotic resistance (Andersson and Hughes 2014) . This has compromised the safety of animal origin foods because at times they can act as vehicle for resistant foodborne pathogens carrying resistant element (Iweriebor et al. 2015) . Thus, in order to help contain the development and dissemination of antibiotic resistance, European union has banned the use of antibiotics in livestock (Anadon 2006) . Various international public health bodies have been forced by the rising trend of antibiotic resistance in bacterial pathogens to implement the mitigation measures such as encouraging the appropriate use of antibiotics, policy formulation for good antibiotic stewardship and funding of research pertaining to various aspects of antimicrobial resistance to develop alternative approaches (Gorbach 2001; Hulscher et al. 2010) . According to World Health Organization, the E. coli is a well-suited indicator bacteria for the surveillance of antimicrobial resistance because it is common in different animal species and easily acquiring antibiotic resistance (ANON 2000) . Thus, the increased resistance in E. coli can be used as early warning system for development and dissemination of resistance in bacterial pathogens (Van Den Bogaard and Stobberingh 2000) . However, the resistance spectrum of pathogens shows regional variation. Therefore, for appropriate antibiotic use the local resistance patterns need to be known (Raghunath 2008) . In this regard, the National Action Plan on Antimicrobial Resistance (2017-21) in India is the first of its kind to coordinate the activities of various government agencies pertaining to health, education, environment and livestock for disease control and antimicrobial surveillance along with the regulation of prescription practices and nourishing consumer behaviour (Dutta 2017) . The measures ranging from vaccination to farm management in animals are important to avoid diseases arising out of antimicrobial resistance. The oral as well as parenteral vaccine trials have been carried out and positive results like reduction of shedding as well as colonization of STEC in cattle have been observed (Allen et al. 2011; Vilte et al. 2012) . However, the feasibility and the usefulness of vaccination are yet to be established in other animals. The farm management practices, particularly clean environment and appropriate nutrition of animals, are important determinants of bacterial colonization and shedding in animals. The shifting from grain to hay in cattle resulted in the reduction of E. coli in intestines (Diez-Gonzalez et al. 1998) . Even the shifting from 90% grain diet to a high quality hay has caused considerable reduction in O157:H7 (Callway et al. 2009 ). However, this kind of shift in animal nutrition is not feasible under intensive system of rearing. Further feeding of probiotic (Ohya et al. 2000) can help in efficient nutrient utilization and competitive exclusion of pathogens, thus, sparing the antibiotic use in animal rearing.
Conclusion
Antibiotic resistance under medical as well as agricultural settings is a global health crisis with serious future repercussions. The problem of antibiotic resistance has been attributed to various factors of biological, economic and social nature like poor public health system and hospital hygiene, high rates of infectious disease, easy availability of inexpensive antibiotics, rising incomes and lack of social awareness pertaining to antibiotic use, etc. Thus, there is a dire need of interdisciplinary collaboration and communication among scientists across the world to formulate an effective solution to this crisis. To conclude, for the prevention of development and dissemination of antibiotic resistance worldwide, there should be a policy to rationalize the use of antibiotics in all sectors, adequate measures taken to control diseases, strategies to prevent the flux of antibiotics into the environment, development of rapid diagnostics tests, proper surveillance of antibiotic resistance, promotion of research on antibiotic resistance prevention, promotion of research and development of novel alternative antibiotics, widespread social awareness campaigns against the inappropriate use of antibiotics.
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